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(54) EXTRUDED STYRENE RESIN FOAM AND PROCESS FOR PRODUCING THE SAME 

(57) Production of extruded styrene resin foams 
which are excellent in environmental compatibility and 
retain highly efficient thermal insulation property and 
have appropriate strength properties is disclosed which 
is characterized by using as a blowing agent a blowing 
agent comprising mainly 40 % by weight or more and 85 
% by weight or less, based on the whole amount of the 
blowing agent, of at least one ether selected from the 
group consisting of dimethyl ether, methyl ethyl ether 
and diethyl ether, and 15 % by weight or more and 60 % 
by weight or less, based on the whole amount of the 
blowing agent, of at least one saturated hydrocarbon 
selected from the group consisting of saturated hydro- 
carbons having 3 to 5 carbon atoms. The production is 
further characterized by providing a more desirable cell 
structure such as a specified shape of ceils or the pres- 
ence of larger and smaller cells. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to an extruded styrene resin foam and a method for its production. Particularly, 
the present invention relates to a board-like extruded styrene resin foam which is excellent in environmental compati- 
bility, retains highly efficient thermal insulating property and has appropriate strength properties, and hence useful, 
especially, as a thermal insulation material, and to a method for the production thereof. 

w BACKGROUND ART 

[0002] Hitherto, extruded styrene resin foams have been widely used as thermal insulation materials for buildings 
because of their desirable workability and thermal insulation characteristic. Many prior patents proposed techniques 
which use f tons typified by f ton 1 2, f Ion 1 42b and f ton 1 34a in order to impart excellent thermal insulation characteristic 
is to styrene resin extruded foams, in combination with halogenated hydrocarbons which are easy to permeate through 
styrene resin, typified by methyl chloride and ethyl chloride in order to achieve desirable mechanical properties, thermal 
stability of foams and productivity. These techniques have been widely adopted as general production methods and 
have become common. 

[0003] On the other hand, in recent years, attention has been given to the ozone layer problem and the global 
20 warming problem. From such a viewpoint, the use of f Ion 1 34a, which is suitable for protection of the ozone layer, is pro- 
posed. However, there is further demand for selection of preferable blowing agent in view of a greenhouse effect. In 
addition, methyl chloride, ethyl chloride and the like are believed to be preferable to be replaced if possible from the 
viewpoint of environmental sanitation. 

[0004] JP, A, 53-2564 has proposed a thick styrene resin extruded foam board having a density of 30 to 40 kg/m 3 
25 and an average cell size of less than 0.3 mm which can maintain good thermal insulation property semipermanently by 
adjusting a partial pressure of propane, butane or the like in cells to from 0.25 to 0.75 atm. However, as is apparent from 
the description or examples in the specification, there are restrictions such as the need of using methyl chloride 
together in order to produce the foam board in good productivity and the limitation of the foam density to a higher range 
in view of thermal insulation property. 
30 [0005] The use of hydrocarbons containing no chlorine atom in molecule, ethers or inorganic gases such as carbon 
dioxide as a blowing agent has also been proposed. 

[0006] On the other hand, JP, A, 7-507087 has disclosed a technique which uses dimethyl ether and carbon dioxide 
in combination in a specific proportion as a technique for providing a styrene resin extruded foam board having a thick- 
ness of 20 mm or more and a cross-sectional area of 50 cm 2 or more. 

35 [0007] This patent gives attention to that when dimethyl ether, which is expected to have ability to form cells by dif- 
fusing through cell membranes, namely, cell-forming ability, is used as a blowing agent, a thick foam body can be 
obtained. It, however, is natural that a foam board for a thermal insulation material is demanded to be sufficient not only 
in thickness but also in other physical properties such as thermal insulation property and strength at the same time from 
an industrial viewpoint. This patent, however, has never studied whether or not the foam can satisfy such demands for 

40 thermal insulation property and the like which are of industrial necessity. Thus the problem of providing useful foams 
which are produced industrially has not been solved. 

[0008] The present inventors have proposed, in JP, A, 3-109445, a method to improve thermal insulation property 
of a foam not only by relying upon a slightly permeable blowing agent contained in cells but also by forming a cell struc- 
ture in which smaller and larger cells are present together. 
45 [0009] Furthermore, the inventors have also proposed, in JP, A, 7-278338, an improved method for forming such a 
cell structure in which smaller and larger cells are present together, the method being more suitable for industrial pro- 
duction. 

[001 0] In view of such prior art, an object of the present invention is to provide an extruded styrene resin foam pre- 
pared by using a blowing agent with environmental compatibility, the foam being extremely suitable for industrial pro- 
so duction and having excellent thermal insulation property and mechanical properties, and to provide a method for the 
production of the foam. 

DISCLOSURE OF THE INVENTION 

55 [0011] That is, the present invention provides the following extruded styrene resin foams and methods for the pro- 
duction of the same. 

(1) An extruded styrene resin foam obtainable by extruding and foaming a styrene resin using a blowing agent, 
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wherein the blowing agent comprises mainly 40 % by weight or more and 85 % by weight or less, based on the 
whole amount of the blowing agent, of at least one ether selected from the group consisting of dimethyl ether, 
methyl ethyl ether and diethyl ether, and 1 5 % by weight or more and 60 % by weight or less, based on the whole 
amount of the blowing agent, of at least one saturated hydrocarbon selected from the group consisting of saturated 
hydrocarbons having 3 to 5 carbon atoms. 

(2) The extruded styrene resin foam as set forth in the preceding paragraph (1), wherein a weight ratio of the ether 
to the whole blowing agent is 50 % by weight or more and 85 % by weight or less, and a weight ratio of the saturated 
hydrocarbon to the whole blowing agent is 15 % by weight or more and 50 % by weight or less. 

(3) The extruded styrene resin foam as set forth in the preceding paragraph (1), wherein a weight ratio of the ether 
to the whole blowing agent is 50 % by weight or more and less than 70 % by weight, and a weight ratio of the sat- 
urated hydrocarbon to the whole blowing agent is more than 30 % by weight and 50 % by weight or less. 

(4) The extruded styrene resin foam as set forth in any one of the preceding paragraphs (1) to (3), wherein a cell 
anisotropic ratio k, which is defined by the formula: 

k = a/(axbxc) 1/3 

wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfies the equa- 
tion: 

0.80 ^k^ 1.3 

and an average cell size, a, in the thickness direction satisfies the relationship: 

0.24* a £-1.1 xk+1.62. 

(5) A extruded styrene resin foam, which has a cell anisotropic ratio k, which is defined by the formula: 

k a a / (axbxc) 1/3 

wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfying the equa- 
tion: 

0.80 *k£ 1.3 

and an average cell size, a, in the thickness direction satisfying the relationship: 

0.24 sas -1.1 x k+1.62. 

(6) The extruded styrene resin foam as set forth in the preceding paragraph (4) or (5), which has a density of 26 to 
35 kg/m 3 . 

(7) The extruded styrene resin foam as set forth in any one of the preceding paragraphs (1) to (6), wherein the cells 
constituting the foam comprise mainly smaller cells having a ceil size of 0.25 mm or less and larger cells having a 
cell size of 0.3 to 1 mm, and the area of the smaller cells having a cell size of 0.25 mm or less accounts for 10 to 
90 % of a sectional area of the foam. 

(8) The extruded styrene resin foam as set forth in any one of the preceding paragraphs (1) to (5) and (7), which 
has a density of 1 5 to 40 kg/m 3 . 

(9) The extruded styrene resin foam as set forth in any one of the preceding paragraphs (1) to (8), which has a ther- 
mal conductivity of not more than 0.029 kcal/m • hr -°a 

(10) A method for producing an extruded styrene resin foam comprising heat-melting and kneading a styrene resin; 
introducing a blowing agent into the styrene resin under pressure and conducting extrusion foaming, wherein the 
blowing agent comprises mainly 40 % by weight or more and 85 % by weight or less, based on the whole amount 
of the blowing agent, of at least one ether selected from the group consisting of dimethyl ether, methyl ethyl ether 
and diethyl ether, and 15 % by weight or more and 60 % by weight or less, based on the whole amount of the Wow- 
ing agent, of at least one saturated hydrocarbon selected from the group consisting of saturated hydrocarbons hav- 
ing 3 to 5 carbon atoms. 

(11) The method for producing an extruded styrene resin foam as set forth in the preceding paragraph (10), wherein 
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a weight ratio of the ether to the whole blowing agent is 50 % by weight or more and 85 % by weight or less and a 
weight ratio of the saturated hydrocarbon to the whole blowing agent is 1 5 % by weight or more and 50 % by weight 
or less. 

(12) The method for producing an extruded styrene resin foam as set forth in the preceding paragraph (1 0), wherein 
5 a weight ratio of the ether to the whole blowing agent is 50 % by weight or more and less than 70 % by weight and 

a weight ratio of the saturated hydrocarbon to the whole blowing agent is more than 30 % by weight and 50 % by 
weight or less. 

(13) The method for producing an extruded styrene resin foam as set forth in any one of the preceding paragraphs 
(10) to (12), wherein the extruded styrene resin foam has a cell anisotropic ratio k, which is defined by the formula: 

10 

k = a/(axbxc) 1/3 

wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfying the equa- 
ls tion: 

0.80 ^ks 1.3 

and an average cell size, a, in the thickness direction satisfying the relationship: 

20 

0.24 <; a 25-1.1 xk+1.62. 

(14) The method for producing an extruded styrene resin foam as set forth in the preceding paragraph (1 3), wherein 
the foam has a density of 26 to 35 kg/m 3 . 

25 (15) The method for producing an extruded styrene resin foam as set forth in any one of the preceding paragraphs 
(10) to (14), wherein the cells constituting the foam comprise mainly smaller cells having a cell size of 0.25 mm or 
less and larger cells having a cell size of 0.3 to 1 mm, and the area of the smaller cells having a cell size of 0.25 
mm or less accounts for 10 to 90 % of a sectional area of the foam. 

(16) The method for producing an extruded styrene resin foam as set forth in any one of the preceding paragraphs 
30 (10) to (13) and (15), wherein the foam has a density of 15 to 40 kg/m 3 . 

(17) The method for producing an extruded styrene resin foam as set forth in any one of the preceding paragraphs 
(10) to (16), wherein the foam has a thermal conductivity of not more than 0.029 kcal/m • hr • °C. 

(18) The method for producing an extruded styrene resin foam as set forth in the preceding paragraph (15), wherein 
0.05 to 2 parts by weight of at least one water-absorbing material selected from the group consisting of a water- 

35 absorbing high molecular compound, inorganic powder having many hydroxy! groups on its surface and silicate 
powder, and 0.2 to 1 .5 parts by weight of water are made to exist in 100 parts by weight of the styrene resin when 
performing the extrusion foaming. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0012] 

FIG. 1 is a graph illustrating the change of a residual ratio of the blowing agent in cells of the extruded polystyrene 
foam obtained by using methyl chloride as a blowing agent with the passage of time. 
45 FIG. 2 is a graph illustrating the change of a residual ratio of the blowing agent in cells of the extruded polystyrene 
foam obtained by using dimethyl ether as a blowing agent with passage of time. 

FIG. 3 is a graph illustrating the change of a residual ratio of the blowing agent in cells of the extruded polystyrene 
foam obtained by using propane as a blowing agent with the passage of time. 

FIG. 4 is a graph illustrating the change of a residual ratio of the blowing agent in cells of the extruded polystyrene 
so foam obtained by using f Ion 1 42b as a blowing agent with the passage of time. 

[0013] The present invention enables to afford extruded styrene resin foams having good thermal insulation prop- 
erty and mechanical properties by using a permissible non-halogen blowing agent even without using any halogen-con- 
taining blowing agents such as fluorinated chlorinated hydrocarbons, fluorinated hydrocarbons and chlorinated 
55 hydrocarbons with attention to environmental problems. That is, the invention uses a mixed blowing agent composed of 
at least one ether selected from the group consisting of dimethyl ether, methyl ethyl ether and diethyl ether and at least 
one saturated hydrocarbon selected from the group consisting of saturated hydrocarbons having 3 to 5 carbon atoms 
(propane, butane and pentane) as a blowing agent. Among these, it is preferable to use a mixed blowing agent com- 
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posed of dimethyl ether and propane and/or butane. Other blowing agent, however, may be added unless the effect of 
the present invention is affected adversely. As the butane may be used n-butane. isobutane and mixtures thereof. Par- 
ticularly, isobutane is preferred because of its low permeation rate through styrene resin. 

[0014] As the ether used as the blowing agent in the present invention, one sort or two or more sorts of ether 
5 selected from the group consisting of dimethyl ether, methyl ethyl ether and diethyl ether can be employed. Among 
these, dimethyl ether is particularly preferred from the viewpoint of safety, foaming ability and the like. Hereinafter, the 
present invention will be described mainly by referring to the representative case where dimethyl ether is used as the 
ether. In the present invention, the reason why dimethyl ether is 

[0015] particularly preferably used as a blowing agent is as follows. Dimethyl ether is not a material to adversely 
10 affect work environment. Furthermore, it is easily dissolved into a molten styrene resin in a extrusion system, and has 
a boiling point not higher than the ordinary temperature, and has good foaming ability. It is, therefore, effective in pro- 
ducing lightweight foams. Additionally, it serves as an easily permeable blowing agent and exhibits good effects on 
improvement in thermal insulation property and mechanical properties due to its effect on making cell size smaller. 
These are based on new knowledge found by the present inventors. 
15 [0016] In the case of using a foam as a thermal insulating material, thermal conduction of the foam is effected by 
thermal conduction of solid cell membranes, thermal conduction and convection of a gas in cells, and thermal radiation 
between cell membranes. The thermal conductivity of the foam is determined by a total of these factors. Making cells 
smaller, namely, increasing shielding frequency of cell membranes against a heat flow has an effect on controlling ther- 
mal transfer due to radiation. Accordingly, it becomes effective on improvement of the thermal insulation property of the 
20 foam. 

[0017] Furthermore, the effect of making cells smaller also improves the mechanical properties of the foam indi- 
rectly. In order to adjust a cell size, inorganic nucleating agents such as talc powder and calcium carbonate powder are 
generally used. Heretofore, making cells smaller has been effected by addition of a large quantity of such inorganic 
nucleating agent. In the present invention, however, it has been found that in the case of using dimethyl ether, making 
25 cells smaller can be effected by addition of no or a small amount of inorganic nucleating agent because dimethyl ether 
can effect on making cells smaller. For example, it is also possible to make little inorganic substance exist in a foam. 
This effect can improve a knife-cutting property of a foam which is required in the case where the foam is used as a core 
material of tatami mats. 

[0018] The process of making a tatami containing a chemically manufactured foam as a core material is as follows. 

30 Tatamidoko (a body of tatami) is made by stitching the foam with straws or an insulation board. Tatamidoko is cut into a 
predetermined size and stitched with a surface material (tatami-omote) made of rush to provide the tatami. In this proc- 
ess, tatamidoko is cut into the predetermined size by mainly using a knife. In this step, it is essential that no cracking or 
chipping must occur and the cut surface has a good appearance, in other words, tatamidoko is required for a good knife- 
cutting property. According to the present invention, the knife-cutting property of the foam is improved. 

35 [0019] Furthermore, the use of dimethyl ether can attain an appropriate escaping rate of gas from the foam after 
foaming as mentioned later, resulting in good dimensional stability of the foam. 

[0020] A dimensional change of a foam prepared by foaming arises from a balance between a pressure of gas in 
cells and a strength of a cell membranes. Since the strength of the cell membrane is approximately determined by a 
density of the foam, it is desirable that the pressure in the cells is constant. The pressure in the cells is determined by 
40 the amount of the blowing agent remaining in the foam and the amount of the air entering the cells after foaming. The 
main reason why an easily permeable blowing agent and a hardly permeable blowing agent are used in combination as 
a volatile blowing agent lies in adjustment of the pressure of gas in the cells. 

[0021 ] When dimethyl ether is used, since an escaping rate of dimethyl ether from the foam after foaming is approx- 
imately the same as an entering rate of air to the foam, the pressure of gas in cells does not change so much. Accord- 

45 ingly, the dimensional stability of the foam is good. 

[0022] On the other hand, for example, although a blowing agent such as carbon dioxide is an easily permeable 
blowing agent, it has an insufficient solubility to a molten styrene resin and it is sometimes limited in its amount to be 
introduced into the resin under pressure. In addition, since such blowing agent has an extremely large escaping rate 
from the foam, a dimensional stability problem that shrinkage occurs immediately after extrusion may arise in the case 

so of foams with a high expansion ratio. Thus that blowing agent tends to have various problems to be solved when it is 
used well. 

[0023] Another reason why dimethyl ether is preferred is that it has a characteristic that, as described later, it can 
provide a thick foam without increasing a cell anisotropic ratio, namely, without deforming cells in comparison with 
methyl chloride which has a good compatibility with styrene resin and hitherto has been generally used as an easily per- 
55 meable blowing agent. 

[0024] In the case of obtaining a foam having a cell structure in which larger and smaller cells are present together 
as mentioned later, it is essential for the system to contain water which is necessary for forming the smaller ceils. Since 
dimethyl ether has a good compatibility with water, a dispersibility of water in the extrusion system is improved. Thus 
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extrusion stability is improved, and it is possible to increase the ratio of the area occupied by the smaller ceils having a 
cell size of not more than 0.25 mm to a sectional area of the foam, whereby formation of a desirable cell structure 
becomes possible and the thermal insulation characteristic of the foam also becomes better. 
[0025] The reason why the present invention uses saturated hydrocarbons having 3 to 5 carbon atoms as a blowing 
5 agent lies in that they have, for example, the following advantages in the case of heating, melting and kneading a resin 
using an extruder or the like: 

(1) They have a relatively good solubiity to the resin. 

(2) They have a relatively small escaping rate in a gaseous state from the foam and they easily remain in the foam 
w in a gaseous state for a relatively long period of time. 

(3) A thermal conductivity of them in a gaseous state is lower than that of the air and they are effective in improving 
the thermal insulation property. 

(4) They are more inexpensive. 

15 [0026] In the case of the blowing agent mainly composed of dimethyl ether and at least one saturated hydrocarbon 
selected from the group consisting of saturated hydrocarbons having 3 to 5 carbon atoms according to the present 
invention, when the proportion of dimethyl ether is too much, the closed cell ratio tends to be decreased, resulting in 
lowered thermal insulation property. When the proportion of at least one saturated hydrocarbon selected from the group 
consisting of saturated hydrocarbons having 3 to 5 carbon atoms is too much, there appears a trend that insufficient 

20 dispersion of gas. variation of die pressure and the like occur due to the increase in ratio of a slightly soluble blowing 
agent to the resin, and foams tend not to be obtained stably. A trend that the obtained foam is poor in heat resistance 
also appears. From these viewpoints, a weight ratio of dimethyl ether to the whole blowing agent is preferably not less 
than 40 %, more preferably not less than 50 %, still more preferably not less than 55 %, and is preferably not more than 
85 %, more preferably less than 80 %, still more preferably less than 75 %, still more preferably less than 70 %. A weight 

25 ratio of the hydrocarbon to the whole blowing agent is preferably not less than 1 5 %, more preferably more than 20 %, 
still more preferably more than 25 %. still more preferably more than 30 %, and is preferably not more than 60 %, more 
preferably not more than 50 %, still more preferably not more than 45 %. 

[0027] Particularly, the blowing agent to be used in the present invention is preferably one which contains not less 
than 40 % and not more than 85 % of dimethyl ether and not less than 1 5 % and not more than 60 % of the hydrocarbon 

30 based on the whole amount of the blowing agent, more preferably one which contains not less than 50 % and not more 
than 85 % of dimethyl ether and not less than 15 % and not more than 50 % of the hydrocarbon based on the whole 
amount of the blowing agent, still more preferably one which contains not less than 50 % and less than 80 % of dimethyl 
ether and more than 20 % and not more than 50 % of the hydrocarbon based on the whole amount of the blowing agent, 
still more preferably one which contains not less than 50 % and less than 75 % of dimethyl ether and more than 25 % 

35 and not more than 50 % of the hydrocarbon based on the whole amount of the blowing agent, still more preferably one 
which contains not less than 50 % and less than 70 % of dimethyl ether and more than 30 % and not more than 50 % 
of the hydrocarbon based on the whole amount of the blowing agent. Furthermore, in the case of placing importance 
particularly on heat resistance and dimensional stability of a foam to be obtained as well as its thermal insulation prop- 
erty, and especially in the case of requiring a highly efficient thermal insulation property due to the cell structure formed 

40 of larger and smaller cells as described later, a blowing agent which mainly contains not less than 40 % and less than 
70 % of dimethyl ether and more than 30 % and not more than 60 % of the hydrocarbon, based on the whole blowing 
agent. More preferred is one which contains not less than 50 % and less than 70 % of dimethyl ether and more than 30 
% and not more than 50 % of the hydrocarbon, based on the whole blowing agent. On the other hand, in the case of 
requiring a foam having a highly efficient thermal insulation property imparted by provision of a cell anisotropic ratio and 

45 an average cell size in the thickness direction, the blowing agent preferably is one which mainly contains not less than 
55 % and not more than 85 % of dimethyl ether and not less than 15 % and not more than 45 % of the hydrocarbon, 
based on the whole blowing agent. More preferred is one which mainly contains not less than 55 % and less than 70 % 
of dimethyl ether and more than 30 % and not more than 45 % of the hydrocarbon, based on the whole blowing agent. 
[0028] A density of the foam according to the present invention is preferably 1 5 to 40 kg/m 3 , more preferably 20 to 

so 35 kg/m 3 , and still more preferably 26 to 35 kg/m 3 in order to provide a lightweight foam having excellent thermal insu- 
lation property and strength. A foam density of less than 15 kg/m 3 tends to result in decrease in both thermal insulation 
property and strength. On the other hand, a density of more than 40 kg/m 3 are not preferable in view of a light weight 
and a price. 

[0029] Although the foam of the present invention preferably is a board-like foam for thermal insulators, its thickness 
55 is not particularly limited. It is usually from 15 mm to 150 mm, preferably from 20 mm to 100 mm. 
[0030] Next, enhancing the thermal insulation characteristic by a cell structure will be described. 
[0031] The relationship between the thermal insulation property which is the most important physical property for 
thermal insulating materials and the foam is explained, ft has generally been known that thermal conduction character- 
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istic of a foam having a closed cell structure depends upon characteristics such as a thermal conductivity of cell mem- 
branes, a thermal conductivity of a gas which exists in the cells and thermal conduction by convection of the gas and 
thermal conduction by radiation in the cells, and that when the cells has a cell size of not more than 3 mm, the amount 
of heat which is transferred by the convection of the gas in the cells is very small and can be disregarded. 
5 [0032] The conventional general technical means for providing a foam with a highly efficient thermal insulation 
property is to decrease a thermal conductivity of the gas in cells by making a gas with a low thermal conductivity like 
flons to exist together with the air, thereby decreasing a thermal conductivity of the foam. 
[0033] An example of a styrene resin extruded foam will be concretely described. 

[0034] The polystyrene foams by an extrusion method provided in JIS A 9511 are classified into Classes B1, B2 
to and B3 according to thermal insulation property. Heretofore, particularly in the case of highly efficient thermal insulation 
grades such as Classes B2 and B3, it has been difficult to attain a highly efficient thermal insulation property required 
without using a technical means in which f Ion is allowed to remain in the cells in order to enhance the thermal insulation 
characteristic. 

[0035] FIGs. 1 to 4 illustrate examples of changes, with the passage of time, of a residual ratio of a blowing agent 
is contained in cells of each of polystyrene extruded foams obtained by using various blowing agents. All is data on foams 
having a density of 30 kg/m 3 and a thickness of 25 mm. Methyl chloride, dimethyl ether and propane, respectively, take 
4 days, 10 days and 6 months to approximately completely disappear from the cells. On the other hand, about 70 % of 
the amount of flon 142b added remains in the cells even after the passage of 6 months. From the viewpoint of such 
characteristics of the gases, flon 142b is the blowing agent which is used most widely today in the production of the 
20 highly efficient thermal insulation grades. There, however, is a plan for converting the flon to other blowing agents in 
2010 in consideration of the environmental problem. 

[0036] Accordingly, the present inventors have attempted to attain the thermal insulation characteristic of Class B2 
without using such flon gas. As a technical means for this, they tried to compensate for the reduction in thermal con- 
ductivity of a gas in the cells achieved by use of flon gas with the reduction in thermal conduction caused by radiation. 
25 [0037] It has been generally known that the thermal conduction caused by radiation remarkably depends on a cell 
structure and that the thermal insulation property is improved as the cell size becomes smaller. That is because, in the 
case of foams having the same thickness and the same density, the shielding frequency of radiation increases and the 
thermal conduction caused by radiation is reduced as the cell size becomes smaller. 

[0038] The relationship between a cell structure and thermal insulation characteristic has been studied by making 
30 extruded foams having various cell structures using a blowing agent which does not remain in cells for a long period of 
time. As for the cell size, not only that in the thickness direction of a product but also that in the transverse direction and 
that in the longitudinal direction have been considered, and the cell structure has been considered as a whole. In this 
study, it has been found that even if foams have the same cell size in their thickness direction, namely, in the heat flow 
direction, the thermal insulation property changes among the foams depending on their cell anisotropic ratios and that 
35 the thermal insulation property is improved as the cell anisotropic ratio becomes smaller. The cell anisotropic ratio k is 
a value represented by the formula: 

k = a/(axbxc) 1/3 

40 wherein a (mm) represents an average cell size in the thickness direction of a product, b (mm) represents an average 
cell size in the transverse direction of the product and c (mm) represents an average cell size in the longitudinal direc- 
tion of the product. This cell anisotropic ratio k indicates a ratio of the cell size in the thickness direction to the average 
cell size as the structural body calculated from cell sizes in all of the directions, namely, a ratio of orientation of the cells. 
[0039] This fact means that the thermal conduction caused by radiation is correlated with two factors of the absolute 

45 value of the cell size in the thickness direction and the cell anisotropic ratio. 

[0040] Although the present inventors have not provided any clear, logical explanation of why among foams having 
the same cell size in the thickness direction, a foam having a reduced cell anisotropic ratio is improved in thermal insu- 
lation property, they assume that this is because cell membranes which accept and release heat caused by radiation 
become thick and, hence, transmission of thermal rays decreases. 

so [0041 ] As a result of such studies, the inventors have succeeded in obtaining a foam having a thermal conductivity 
of not more than 0.029 kcal/m • hr • °C, i.e., the thermal insulation property of Class B2 provided in JIS A 951 1 by mak- 
ing the foam to have a cell structure in which a cell anisotropic ratio k satisfies the equation: k s 1.3, and the average 
cell size in the thickness direction, a (mm), satisfies the relationship: 

55 0.24 £ a £-1.1 xk+1.62 

without relying on the remaining blowing agent. 

[0042] Since ranges of the preceding two factors are correlated with each other, they are preferably determined as 
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follows. 

[0043] When the cell anisotropic ratio is more than 1.3, there is a trend that the thermal insulation property 

decreases and thermal conductivity of not more than 0.029 kcal/m • hr • °C is difficult to be achieved. 

[0044] As for the lower limit of the range of the average cell size in the thickness direction a (mm), when a is less 

5 than 0.24 mm, the cell anisotropic ratio becomes extremely large and it is liable to become difficult to form a foam having 
k of not more than 1 .3 as the thickness of the product increases. When the average cell size in the thickness direction 
a (mm) is less than the lower limit, the cell anisotropic ratio sometimes becomes more than 1 .3 even if, for example, the 
thickness of the product is about 40 to 50 mm. It, therefore, becomes difficult to meet the request for easily obtaining, 
on an industrial scale, products with good thermal insulation property with satisfying a wide thickness range industrially 

w required. 

[0045] As for the upper limit of the average cell size in the thickness direction a (mm), although the thermal insula- 
tion property decreases as the average cell size in the thickness direction a (mm) becomes larger, there is a range 
where the average cell size in the thickness direction a (mm) depends on a cell anisotropic ratio because the average 
cell size in the thickness direction is correlated to the cell anisotropic ratio. 
is [0046] In the case of the relationship of a > -1.1 x k + 1.62, the effect of increasing the thermal conductivity 
caused by the enlarged average cell size in the thickness direction a (mm) is greater than the effect of reducing the ther- 
mal conductivity caused by the reduction in cell anisotropic ratio. It, therefore, becomes difficult to attain thermal con- 
ductivity of a foam of not more than 0.029 kcal/m • hr • °C. 

[0047] On the other hand, in the case of using a foam as a thermal insulator, mechanical property, particularly a 
20 compressive strength, is one of important physical properties. Although the study on the relationship between the ther- 
mal insulation property and the cell structure is described above, the relationship between the compressive strength 
and the cell structure has also been studied. 

[0048] In general, when a styrene resin foam is used as a thermal insulating construction material, it is supposed 
that the foam preferably has a compressive strength of approximately not less than 2 kg/cm 2 as a practical perform- 
25 ance. This is for the purpose of, for example, preventing the foam from buckling when it is adhered to a panel in the case 
of a use wherein the foam is used in a form integrated with the panel. Alternatively, that is for the purpose of preventing 
the foam from crushing caused by local compression by furniture placed in the case of a use of the foam as a core mate- 
rial for tatami mats. 

[0049] The compressive strength of the foam is strongly dominated by the strength of the material, the density of 
30 the foam, and the cell structure. In the case of foams with a high expansion ratio, for example, a density of about 30 
kg/m 3 , which is in the range encompassed by the present invention, it is supposed that a cell structure, particularly ori- 
entation of cells, makes effect strongly on the compressive strength. 

[0050] As a result of the study on the relationship between the cell structure and the compressive strength, the 
inventors have found that when a density is constant, the compressive strength increases as the cell anisotropic ratio 
35 becomes larger, and on the contrary, the compressive strength decreases as the cell anisotropic ratio becomes smaller. 
The inventors then have quantified that relationship. 

[0051] Consequently, they have found that it is favorable that when the cell anisotropic ratio k is 0.80 <, K a com- 
pressive strength of 2 kg/cm 2 which is supposed to be desirable can be achieved. In this case, however, it is preferred 
that the density of the foam is not less than 26 kg/m 3 . 
40 [0052] Accordingly, considering the relationship between the cell structure and the thermal insulation property and 
the relationship between the cell structure and the compressive strength together, it is preferable to specify the cell size 
so that the cell anisotropic ratio k is 0.80 <, k ^ 1 .3, preferably 0.90 £ k s 1 .2, and at the same time, the average cell size 
in the thickness direction a (mm) satisfies the relationship: 

45 0.24* a £-1.1 xk+1.62, 

preferably 0.30 <, a £ -1 .1 x k + 1 .62, 

and further to specify the density of the foam to fall within a range of 26 to 35 kg/m 3 as also described later because the 
so foam can permanently maintain the thermal insulation property of Class B2 provided in JIS A 951 1 . In addition, when 
the aforesaid conditions are satisfied, the foam can also satisfy the compressive strength property required for con- 
struction materials, which is extremely desirable. In other words, the foam having the aforesaid specific cell structure 
can maintain a thermal conductivity of not more than 0.029 kcal/m • hr * °C even if a blowing agent having a low thermal 
conductivity escapes and the foam is in a state where the cells are substantially filled with the air. Additionally, the foam 
55 can possess a good compressive strength. The state where the cells are substantially filled with the air, means a state 
where a molar fraction of a blowing agent other than air in the gas contained in the cells is not more than 10 %. 
[0053] A distribution condition of the aforesaid specific cell structure in a foam is not particularly limited. It may be 
distributed uniformly in the thickness direction of the foam. Alternatively, it may be distributed with certain regularity in 
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the thickness direction of the foam. The distribution condition of the cell structure in a foam is much influenced by a 
method of obtaining products from an extruded foam. The method of obtaining products from an extruded foam includes 
the following two methods. The first is a method in which a thick foam is extruded, the skin of the foam is removed, and 
the foam is cut in the transverse and longitudinal directions into a predetermined size, and in a later step, the foam is 

5 sliced into a thickness corresponding to each of products having an individual dimension (for example, about 20 to 100 
mm; particularly in many cases, not less than about 25 mm and less than about 60 mm; most generally, about 25 to 50 
mm) to provide products. Another method is one in which a foam having a thickness corresponding to the thickness of 
a product is extruded, the skin of the foam is removed, and the foam is cut in the transverse and longitudinal directions 
into a predetermined size to provide products. When producing products with a skin, a foam having a thickness corre- 

io spending to the thickness of a product is extruded, and it is cut into predetermined width and length, without removing 
the skin, to provide a product. 

[0054] The cell structure of the product obtained in the former method is relatively uniformly distributed in the thick- 
ness direction of the foam. The cell structure of the product obtained in the latter method tends to be distributed with a 
regularity symmetrically with respect to the center of the foam in the thickness direction. The cell structure of the present 

15 invention may be applied to both of the distribution conditions. 

[0055] The performance due to the aforesaid specific cell structure can be preferably attained in the case of a foam 
having a density ranging from 26 to 35 kg/m 3 . When a density of the foam is less than 26 kg/m 3 , since the amount of 
the resin per unit volume may be below the amount required in order to prevent thermal rays from transmitting, there is 
a tendency that it becomes difficult to obtain desired low thermal conductivity. Furthermore, there also is a tendency 

20 that the cell membrane becomes thin, the strength decreases and it becomes difficult to obtain desired compressive 
strength. In the case of the density of the foam being more than 35 kg/m 3 , since the amount of the heat conducted by 
the thermal conduction of the cell membrane may increase, there also is a tendency that it becomes difficult to obtain 
desired thermal conductivity. 

[0056] A cell structure which contributes to enhancing the thermal insulation property may be one in which larger 

25 and smaller cells coexist. 

[0057] Although a foam having the cell structure in which the larger and smaller cells coexist may be one in which 
cells having a cell size of not more than about 0.25 mm and cells having a cell size of about 0.3 to 1 mm, respectively, 
have their own peaks in the cell size distribution, it is preferable that the number of the cells having a cell size between 
these two cell size ranges is few. For example, the content of cells having a cell size of more than about 0.25 mm and 

30 less than 0.3 mm and cells having a cell size of more than 1 mm is preferably about less than 20 %, more preferably 
about less than 10 % in terms of the ratio of the area occupied by such cells to a sectional area of the foam. 
[0058] The foam having the cell structure in which the larger cells and smaller cells coexist, as mentioned above, is 
composed mainly of the cells having a cell size of not more than 0.25 mm and cells having a cell size of about 0.3 to 1 
mm wherein the cells having a cell size of not more than 0.25 mm and the cells having a cell size of about 0.3 to 1 mm 

35 do not form layers. The foam has either a so-called sea-island structure in which the cells having a cell size of about 0.3 
to 1 mm mainly form the islands and the cells having a cell size of not more than about 0.25 mm form the sea or a struc- 
ture in which the cells having a cell size of not more than about 0.25 mm are dispersed so that these cells directly sur- 
round the cells having a cell size of about 0.3 to 1 mm through their own cell membranes. 

[0059] The foam having such a cell structure in which larger cells and smaller cells coexist is one in which cells hav- 
40 ing a cell size of not more than about 0.25 mm and cells having a cell size of about 0.3 to 1 mm are dispersed so as to 
form mainly a sea-island structure, and it is assumed that the fine cells of not more than about 0.25 mm serve to 
decrease the thermal conductivity and the cells having a cell size of about 0.3 to 1 mm serve to secure mechanical 
strengths such as bending strength. Furthermore, from the viewpoint of imparting a low thermal conductivity and an 
adequate bending strength to the foam of the present invention, it is more preferable that the cells having a cell size of 
45 not more than about 0.25 mm and the cells having a cell size of about 0.3 to 1 mm are dispersed as uniformly as pos- 
sible rather than being dispersed inhomogeneously. 

[0060] As descirbed above, the cell size of the smaller cells in the foam body having the cell structure wherein the 
larger and smaller cells coexist is preferably not more than about 0.25 mm. When the cell size of the smaller cells is 
more than about 0.25 mm, the thermal conductivity of the foam tends to be increased. The larger cells preferably have 

so a cell size of about 0.4 to 0.7 mm. 

[0061] As for the proportions of the smaller cells having a cell size of not more than about 0.25 mm and the larger 
cells having a cell size of about 0.3 to 1 mm, because too small ratio of the area occupied by cells having a cell size of 
not more than about 0.25 mm to a sectional area of the foam makes a tendency that the thermal conductivity becomes 
larger, the ratio is preferably not less than about 10 %, more preferably not less than about 20 %, still more preferably 

55 not less than about 30 %. On the other hand, when that ratio is too large, there is a tendency that mechanical strength 
such as bending strength decreases. That ratio, therefore, is preferably not more than about 90 %. more preferably not 
more than about 80 %. 

[0062] In the present invention, it is more preferable that an embodiment specifying the cell anisotropic ratio and the 
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avenge cell size in the thickness direction is combined with an embodiment specifying the cell structure to one in which 
larger and smaller cells coexist. This embodiment has an advantage that good thermal insulation property, namely the 
thermal insulation property of not more than 0.029 kcal/m • hr • °C which is the thermal insulation characteristic of Class 
B2 provided in J IS A 951 1 can be easily attained. 

[0063] Styrene resins usable in the present invention include polystyrene as a typical example, and for example, 
copolymers of styrene and a monomer which is copolymerizable with styrene such as a-methylstyrene, maleic anhy- 
dride and acrylonitrile, resins prepared by blending polystyrene with styrene/butadiene rubber or the like. 
[0064] In the present invention, the styrene resin may be incorporated with a nucleating agent, additives which are 
called a water-absorbing material in the present invention such as inorganic powder having many hydroxyl groups on 
its surface and a water-absorbing high molecular, and the like, as demanded. 

[0065] The nucleating agents include conventional ones which have been employed in extrusion foaming. Repre- 
sentative examples of such nucleating agents include talc powder and calcium carbonate powder. These nucleating 
agents may be used either singly or in combination with two or more of them. Such a nucleating agent has a particle 
size of usually 3 to 100 urn, preferably 5 to 20 \im. The nucleating agent is used in order mainly to adjust a cell size of 
a foam to a value in the range of 0.2 to 1 mm. The amount of such a nucleating agent is adjusted to be preferably 0.01 
to 5 parts (parts by weight, hereinafter the same), more preferably 0.01 to 1 .5 parts, still more preferably 0.01 to 1 part, 
still more preferably 0.05 to 0.5 part, still more preferably 0.05 to 0.3 part, based on 100 parts of a styrene resin. When 
the amount of the nucleating agent is less than the preceding range, the effect of adding the nucleating agent is not 
exhibited sufficiently and the cell size tends to become too large or uneven. On the other hand, when the amount of the 
nucleating agent is more than that range, there is a tendency that a desired density is difficult to be achieved though the 
cell size becomes fine. 

[0066] In the present invention, in addition to the aforesaid nucleating agent, inorganic powder having many 
hydroxyl groups on its surface and a water-absorbing high molecular compound, other additives which have been gen- 
erally used, including flame retardants such as hexabromocyclododecane, antioxidants such as polymer-type hindered 
phenol compounds, lubricants such as barium stearate and magnesium stearate, may be incorporated in an appropri- 
ately adjusted amount. 

[0067] The foam of the present invention can be obtained by heat-melting and kneading the foregoing styrene resin 
and additives in predetermined amounts, and introducing under pressure or adding the preceding volatile blowing 
agent, followed by extrusion foaming. 

[0068] The heating temperature, the melting and kneading time and the means for melting and kneading to be 
adopted for heat-melting and kneading the styrene resin and the additives have no particular limitations. The heating 
temperature may be not lower than a temperature at which the styrene resin melts, and usually is about 150 to 250°C. 
The melting and kneading time varies depending upon an extrusion amount per unit time, melting and kneading means 
and the like and can not absolutely be decided. However, a time necessary for the styrene resin and the additives to be 
dispersed uniformly is usually chosen. Although the melting and kneading means may be, for example, an extruder of 
screw type, it has no limitations as long as it is used for usual extrusion foaming. 

[0069] As a method of expansion forming can be employed a general method in which a foam obtained by pressure 
release from a slit die is shaped into a board-like foam with a large section area by using a forming die, a forming roll 
and the like which are mounted in contact with the slit die. 

[0070] The amount of the aforesaid volatile blowing agent used is preferably adjusted to not less than about 0.1 
mole, preferably not less than about 0.15 mole, based on 100 g of the styrene resin because the use of too small 
amount of the blowing agent tends to decrease the expansion ratio of the styrene resin foam to be obtained and also to 
increase the shrinkage of the foam after extrusion. On the other hand, the use of too large amount of the blowing agent 
causes a tendency that foams can not be produced stably or that the dimensional stability of the foam decreases 
because a mixture is extruded with the Wowing agent being insufficiently dissolved into the resin. The amount of the 
blowing agent used, therefore, is preferably adjusted to not more than about 0.4 mole, more preferably about not more 
than about 0.3 mole, still more preferably not more than about 0.25 mole, based on 100 g of the styrene resin. When 
the amount of the blowing agent used relative to the styrene resin is indicated in terms of the number of parts (parts by 
weight), for the same reasons as described above, the amount of the blowing agent is preferably adjusted to not less 
than about 4.5 parts, more preferably not less than about 6.5 parts, and still more preferably not less than about 7.0 
parts, based on the 1 00 parts by weight of the styrene resin, and, on the other hand, it is preferably adjusted to not more 
than 18 parts, more preferably not more than 14 parts, still more preferably not more than 12 parts, especially not more 
than 9 parts, based on 1 00 parts of the styrene resin. 

[0071] After introducing under pressure or adding the volatile blowing agent, a foam which contains cells having an 
average cell size of about 0.2 to 1 mm. usually about 0.3 to 0.8 mm is produced by using a conventional method such 
as extruding the mixture to a lower pressure region such as a region at atmospheric pressure through a foaming appa- 
ratus such as a slit die. 

[0072] In the present invention, the production of a foam having a cell structure in which mainly smaller cells having 
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a ceil size of not more than about 0.25 mm and larger cells having a cell size of about 0.3 to 1 mm coexist requires the 
aforesaid styrene resin and volatile blowing agent and water. In the case where in addition to the aforesaid nucleating 
agent, the water-absorbing material in the present invention, namely, at least one material selected from the group con- 
sisting of the inorganic powder having many hydroxyl groups on its surface, the water-absorbing high molecular com- 
5 pound and the silicate powder is made to be present together with water, a foam in which the smaller and larger cells 
coexist can be successfully produced. 

[0073] Since dimethyl ether has a better compatibility with water than that of other blowing agents such as methyl 
chloride, as mentioned above, it enables water to be dispersed more uniformly in combination use of the water-absorb- 
ing material, which enables a foam in which the smaller and larger cells coexist to be produced more easily than prior 

10 art. Thus using dimethyl ether is extremely preferred in the present invention. 

[0074] The water to be used has no particular limitations, and may be, for example, pure water. Both in the case 
where the amount of water to be introduced under pressure or added to the heat-melted and kneaded mixture is too 
small and in the case where the amount of water is too much, there is a tendency that it is difficult to produce a foam 
having a cell structure in which cells having a cell size of not more about 0.25 mm and cells having a cell size of about 

15 0.3 to 1 mm are dispersed in a sea-island state through cell membranes which can improve the physical properties of 
styrene resin foams such as thermal conductivity and bending flexibility. Accordingly, it is preferred that the amount of 
water used is preferably adjusted to not less than about 0.2 part and not more than 1 .5 parts, more preferably not less 
than 0.3 part and not more than 0.7 part, on the basis of 100 parts of the styrene resin. The amount of water in the pre- 
ceding range can provide a foam with a good cell structure which the present invention intends to produce. 

20 [0075] The volatile blowing agent and water may be introduced under pressure or added to the heat-melted and 
kneaded mixture either concurrently or separately. The present invention is not restricted by the manner of introducing 
under pressure or adding the blowing agent and water. 

[0076] In order to make water exist in the extrusion system, it is preferred to make the inorganic powder having 
many hydroxyl group on its surface, the water-absorbing high molecular compound or the silicate powder coexist as 

25 mentioned above, thereby making water disperse in the molten styrene resin uniformly. In this case, a part or the whole 
of the water to be introduced may be introduced under pressure or added to the heat-melted and kneaded mixture in a 
state where it is adsorbed on or absorbed by at least one water-absorbing material selected from the group consisting 
of the inorganic powder, the water-absorbing high molecular compound and the silicate powder. 
[0077] Representative examples of the aforesaid inorganic powder having many hydroxyl groups on its surface 

30 include anhydrous silica having silanol groups on the surface such as AEROSIL (an average particle size: 12x10" 3 \am) 
manufactured by Nippon Aerosil Co., Ltd. Such inorganic powders may be used either singly or in combination of two 
or more of them. It is preferable that the inorganic powder having many hydroxyl groups on its surface usually has an 
average particle size of 5x10" 3 to 30x10~ 3 urn, particularly 5x10" 3 to 20x10' 3 urn. The mixing amount of the inorganic 
powder having many hydroxyl groups on its surface is preferably adjusted so as to become 0.05 to 2 parts, more pref- 

35 erably 0.1 to 0.5 part, based on 100 parts of the styrene resin. When the mixing amount of the inorganic powder is less 
than the foregoing range, there is a tendency that the number of the formed fine cells (smaller cells) decreases. On the 
other hand, when exceeding that range, the fine cells tend to become hard to be formed. 

[0078] Representative examples of the water-absorbing high molecular compound include polyacrylic acid salt res- 
ins such as Aqualic CA ML-10 (an average particle size: 10 urn) manufactured by Nippon Shokubai Co., Ltd. These may 

40 be used either singly or as mixtures of two or more of them. The average particle size of the water-absorbing high 
molecular compound is usually 5 to 70 urn, preferably 5 to 20 urn. The mixing amount of the water-absorbing high 
molecular compound is adjusted so as to become 0.05 to 2 parts, particularly 0.1 to 0.8 part, based on 100 parts of the 
styrene resin. When the mixing amount of the water-absorbing high molecular compound is less than the foregoing 
range, there is a tendency that the number of the formed fine cells decreases. On the other hand, when exceeding that 

45 range, the fine cells tend to become hard to be formed. 

[0079] Representative examples of the silicate powder include magnesium silicate such as Laponite manufactured 
by Nippon Silica Co., Ltd. These silicate powder may be used either singly or as mixtures of two or more of them. The 
mixing amount of the silicate powder is adjusted so as to become 0.05 to 2 parts, particularly 0.1 to 0.8 part, based on 
100 parts of the styrene resin. When the mixing amount of the silicate powder is less than the foregoing range, there is 

so a tendency that the number of the formed fine cells decreases. On the other hand, when exceeding that range, the fine 
cells tend to become hard to be formed. 

[0080] The pressure applied when the aforesaid volatile blowing agent and water is introduced to the heat-melted 
and kneaded mixture under pressure has no limitations. It is essentially only that those agents can be introduced at a 
pressure higher than the inner pressure of the extruder. The heat-melted and kneaded mixture to which the volatile 
55 blowing agent and a predetermined amount of water have been introduced under pressure or added, is subsequently 
extruded to a lower pressure region such as a region at an atmospheric pressure through a conventional foaming appa- 
ratus such as a slit die. Thus extrusion the mixture to the lower pressure region provides a styrene resin foam mainly 
having cells having a cell size of not more than about 0.25 mm and cells having a cell size of about 0.3 to 1 mm. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0081] The styrene resin extruded foam and the method for the production of the same according to the present 
invention will be further explained in detail based on Examples. However, the invention is not limited only to the Exam- 
5 pies. 

[0082] In the following description, "part" means "part by weight." Additionally, "n-butane" and 1-butane" represent 
"normal butane" and "isobutane," respectively. "Butane" represents, for example, an industrial butane composed of 
about 70 % by weight of n-butane and about 30 % by weight of i-butane. In each Table, the total amount of blowing 
agents introduced under pressure, the amount of each blowing agent introduced under pressure, and the amount of 

10 nucleating agent are indicated by using the number of parts relative to 100 parts of the polystyrene resin. The ratio of 
the amount of each blowing agent to the total amount of the blowing agents is represented by using "% by weight". 
[0083] As physical properties and characteristics of the foams obtained, a foam density, an expansion ratio, a 
closed cell ratio, an average cell size, an average cell size in each direction, a cell anisotropic ratio, a smaller cell occu- 
pying area ratio, a foam thermal conductivity, a foam compressive strength, a foam f lammability, heat resistance, dimen- 

15 sional stability, corrosion resistance, environmental compatibility and knife cutting property were determined according 
to the following methods. The foam density, expansion ratio, closed cell ratio, average ceil size, average ceil size in each 
direction, cell anisotropic ratio, smaller cell occupying area ratio, foam compressive strength and foam f lammability are 
expressed by data detected 7 days after the production of the foams. The foam thermal conductivity is expressed by the 
data detected 7 days after the production of the foams and the data detected 3 months after the production of foams 

20 when almost no changes in thermal conductivity with time can be observed and the value becomes stable. 

[1] Foam density 

[0084] The foam density was determined using the following formula: 

25 

Foam density (kg/m 3 ) = Foam weight / Foam volume 
[0085] The foam volume was determined by an immersion-in-water method. 
30 [2] Expansion ratio 

[0086] The expansion ratio was determined using the following formula with the assumption that the density of the 
styrene resin used is approximately 1050 (kg/m 3 ): 

35 Expansion ratio (times) = 1 050 / Foam density (kg/m 3 ) 

[3] Closed cell ratio of foam 

[0087] The closed cell ratio of a foam was determined according to ASTM D-2856 by using a multi-pycnometer 
40 (product name, manufactured by Yuasa Ionics Co., Ltd.) 

[4] Average cell size 

[0088] An appropriate part of the section (longitudinal section) obtained by cutting a foam vertically (in the thickness 
45 direction) along its longitudinal direction was sampled. The part was photographed at 30 magnification by using a scan- 
ning electron microscope (manufactured by Hitachi Ltd., model S-450). On the photograph was placed an OHP sheet 
onto which the parts corresponding to cells were copied by filling them with a black ink (a first treatment). The average 
cell size was determined by treating the image subjected to the first treatment with an image processing apparatus 
(manufactured by PIAS Co., Ltd., model: PIAS-II). 

50 

[5] Average cell size in each direction (thickness direction, transverse direction and longitudinal direction) 

[0089] Appropriate parts were sampled from the section (hereinafter, referred to as a cross section) obtained by 
cutting a foam vertically (in the thickness direction) along the transverse direction, and the section (hereinafter, referred 
55 to as a longitudinal section) obtained by cutting the foam vertically (in the thickness direction) along the longitudinal 
direction. These parts were photographed at 20 magnification by using the scanning electron micro scope (manufac- 
tured by Hitachi Ltd., model S-450). From these photographs were determined the average ceil size in the thickness 
direction a (mm), the average cell size in the transverse direction b (mm) and the average ceil size in the longitudinal 
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direction c (mm) according to ASTM D-3576. The actual size of the part photographed was about 5 mm x 5 mm. The 
average cell size in the thickness direction a (mm) was determined from both the cross section and the longitudinal sec- 
tion. Sampling may be done anywhere in a foam except for the edge of the foam which has an irregular cell structure. 
In this measurement, a foam (thickness: 20 to 100 mm; width: 910 mm) was sampled at three to five points symmetri- 
s cally relative to the center in its thickness at the distance, 1 00 mm from the edge of the foam in the transverse direction. 
The preceding average cell size in the thickness direction a (mm), average ceil size in the transverse direction b (mm) 
and average cell size in the longitudinal direction c (mm) are each the average of the respective values obtained at the 
parts sampled. 

10 [6] Ceil anisotropic ratio 

[0090] Using the previously determined average ceil size in the thickness direction a (mm), average cell size in the 
transverse direction b (mm) and average cell size in the longitudinal direction c (mm), the cell anisotropic ratio was 
determined from the formula: 

15 

k = a/(axbxc) 1/3 

[7] Smaller cell occupying area ratio 

20 [0091 ] The ratio of the area occupied by cells having a cell size of not more than 0.25 mm to the area of a section 
of a foam was determined as follows. Here, the cell having a cell size of not more than 0.25 mm means that the diameter 
of a circle having the same area as the sectional area of the cell is not more than 0.25 mm. 

(1) A longitudinal section of a foam is photographed at 30 magnification by using the scanning electron microscope 
25 (manufactured by Hitachi Ltd., model S-450). 

(2) On the photograph is placed an OHP sheet onto which are copied the parts corresponding to cells having a cell 
size in the thickness direction of more than 7.5 mm (which corresponds to cells having an actual cell size of more 
than 0.25 mm) by filling them with a black ink (a first treatment). 

(3) The image subjected to the first treatment is read by an image processing apparatus (manufactured by PIAS 
30 Co., Ltd., model: PIAS-II) and the deep color parts and the light color part, namely, whether a certain part is colored 

in black or not, are distinguished. 

(4) Among the deep color parts, parts corresponding to an area of a circle having a diameter of not more than 7.5 
mm, namely, parts which have a long diameter in the thickness direction but have only an area not more than that 
of a circle having a diameter of 7.5 mm are changed to light color, whereby the deep color parts are corrected. 

35 (5) The area ratio of parts having a cell size of not more than 7.5 mm (light color parts) to the whole image is deter- 
mined according to the following formula using "FRACTAREA (area ratio)" which is one of image analysis calculat- 
ing functions. 

Occupying area ratio (%) = (1 • area of deep color parts / area of the whole image) x 100 

40 

[8] Foam thermal conductivity 

[0092] The thermal conductivity of a foam was measured according to JIS A 951 1 . The measurement was carried 
out 7 days or 3 months after the production of foams. 

45 

[9] Foam compressive strength 

[0093] The compressive strength of a foam was measured according to JIS A 951 1 . 
so [1 0] Foam f lammability 

[0094] The f lammability of a foam was determined according to JIS A 951 1 . Acceptance was expressed by O- Fail- 
ure was expressed by X. 

55 [1 1] Dimensional stability 

[0095] A foam extruded was cut and allowed to stand for 48 hours at room temperature, and thereafter a size 
change rate in the longitudinal direction was determined. Size change rates within ± 0.5 % are expressed by O- Those 
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exceeding ±0.5 % are expressed by X. 
[12] Heat resistance 

5 [0096] From a foam extruded is cut out a sample having a size of 100 mm x 1 00 mm x 25 mm (thickness) which is 
subsequently heated to 80°C and allowed to stand for 24 hours in an oven. The sample is taken out to a condition of 
room temperature and allowed to stand for another 24 hours. After that, distances between the every two opposite sides 
of the sample having a size of 1 00 mm x 100 mm are measured at three points of the sides which are positioned near 
the both ends of the sides and at their center, and average thereof is calculated. The case where the size change rate 

10 between before and after heating is within ±5 % was evaluated as O- O n the other hand, the case of exceeding ±5 % 
was evaluated as X. 

[13] Environmental compatibility 

75 [0097] The environmental compatibility was evaluated by checking whether the blowing agents used are included 
in the existing chemical substances (14 substances) which exhibit mutagenicity listed in the notification No. 770-3 The 
way to handle chemical substances exhibit mutagenicity" issued by Director-General of the Labor Standards Bureau of 
the Ministry of Labor dated December 24, 1997: 1-acetyl-5-nitroindoline, ethyl chloride, methyl chloride, methylene 
chloride, methyl dichloroacetate, diborane, vinyl bromide, methyl bromide, silane, 2,4,6-trinitorophenol (picric add), 1 ,3- 

20 butadiene, 2-bromopropane, p-benzoquinone oxime, and methyl iodide. The case of being not included in the above- 
listed compounds was evaluated as O- "^e case of being included in the list was evaluated as X. 

[14] Corrosion resistance 

25 [0098] An about 1 .5 g iron piece as a test piece was added into a mixture prepared by adding 5 g of water to about 
50 g of an volatile blowing agent shown in Table C2, and this was heated in a pressure ampoule lined with glass at 
1 20°C for 1 hour. After cooling, the test piece was weighed and the reduction in weight caused by corrosion was deter- 
mined. The case where the reduction in weight of the test piece was not more than 0.1 % by weight was evaluated as 
O- The case of exceeding 0. 1 % by weight was evaluated as X. 

30 

[15] Knife cutting property 

[0099] Using a single edge cutter having a thickness of 4 mm and an included angle of 7°, the cutter was put into a 
foam so as to cut the foam along a line 30 mm away from the edge of the foam in parallel to the flow direction with the 
35 tapered portion of the blade facing the edge side of the foam, and the blade is allowed to proceed. A foam which gen- 
erates no cracks in the edge side as the blade proceeds, or which generates only one crack when the blade proceeds 
50 mm or which generates only cracks which do not reach the edge of the foam was judged to be a conforming item. 

EXAMPLE A1 

40 

[0100] To 100 parts of a polystyrene resin (manufactured by Asahi Chemical Industry Co., Ltd., commercial name: 
Styron G9401, melt index (Ml) : 2.0) were added 0.12 part of talc as a nucleating agent and 3.0 parts of hexabromocy- 
clododecane as a flame retarder. To this mixture was introduced a blowing agent composed of 5.4 parts of dimethyl 
ether and 3.6 parts of propane under pressure while the mixture was heated to about 200° C and kneaded in an 
45 extruder. After this, the resulting mixture was fed to a cooling and mixing machine and cooled to 1 10°C. Subsequently, 
the mixture was extruded and foamed through a 2 mm-gapped slit and a forming die having a clearance 35 mm in the 
thickness direction whose flowing surface is coated with a fluororesin to provide a board-like styrene resin foam. Its 
evaluation results are shown in Table A1 . The foam obtained had excellent heat resistance, thermal conductivity (deter- 
mined after 7 days elapsed and environmental compatibility. It also had excellent knife cutting property. 

50 

EXAMPLES A2 to A5 

[0101] Foams were prepared by conducting the same operations as Example A1 except for changing the compo- 
sition of the blowing agent and the mixing amount of talc. Their evaluation results are shown in Table A1 . The foams 
55 obtained had excellent heat resistance, thermal conductivity (determined after 7 days elapsed) and environmental com- 
patibility like the foam of Example A1 . They also had excellent knife cutting property. 
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EXAMPLE A6 

[01 02] A foam was prepared by conducting the same operations as Example A1 except for changing the composi- 
tion of the blowing agent and the mixing amount of talc. Its evaluation results are shown in Table A1 . The foam obtained 
5 had excellent heat resistance, thermal conductivity (determined after 7 days elapsed) and environmental compatibility 
like the foam of Example 1 . On the other hand, as for the knife cutting property, the foam was observed to generate a 
crack which reached the edge of the foam because of the addition of a great amount of inorganic substance. 

COMPARATIVE EXAMPLE A1 

w 

[0103] A foam was prepared by conducting the same operations as Example A1 except for using a blowing agent 
composed of 5.9 parts of methyl chloride and 3.1 parts of propane and changing the mixing amount of talc to 0.7 part. 
Its evaluation results are shown in Table A2. As for the knife cutting property, the foam was observed to generate a crack 
which reached the edge of the foam because of the addition of a great amount of inorganic substance. 

15 

COMPARATIVE EXAMPLES A2 to A4 

[0104] Foams were prepared by conducting the same operations as Example A1 except for changing the compo- 
sition of the blowing agent and the mixing amount of talc. Their evaluation results are shown in Table A1 . 

20 
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TABLE A2 



Composition and evaluation 


Comparative Example 




A1 


do 


AQ 
MO 


AA 


Total amount of hlowinn aopnte introriurpri unripr orps^urp (r& rfc^ 


Q 


e 

O 


o 
o 


q 


Amount of each blowing agent introduced under pressure (parts/% 
by weight) 










Dimethyl ether 




1.5/25 


2.0/25 


8.1/90 


Methyl chloride 


5.9/65 








Propane 


3.1/35 


4.5/75 






n*Butane 






6.0/75 




/-Butane 








0.9/10 


Nucleating agent (talc) (parts) 


0.7 


0.13 


0.13 


0.13 


Foam density (kg/m 3 ) 


23 


31 


29 


28 


Expansion ratio 


46 


34 


36 


38 


Product thickness (mm) 


35 


35 


35 


35 


Closed cell ratio (%) 


98 


90 


93 


42 


Average cell size (mm) 


0.7 


0.5 


0.5 


0.4 


Thermal conductivity after 7 days) (kcal/m • hr • °C) 


^0.034 


S0.034 


S0.034 


>0.034 


Heat resistance 


0 


X 


X 


O 


Environmental compatibility 


X 


O 


O 


O 



[0105] The following Examples B1 to B1 7 are examples relating to the production of foams whose cell anisotropic 
ratio and average cell size in the thickness direction are specified. Comparative Examples B1 and B2 are comparative 
examples thereof. 

35 

EXAMPLE B1 

[0106] To 100 parts of a polystyrene resin (manufactured by Asahi Chemical Industry Co., Ltd., commercial name: 
Styron G9401 ; melt index (Ml) : 2.0) were blended 0.2 part of talc as a nucleating agent, 3.0 parts of hexabromocy- 

40 clododecane as a flame retarder, 0.3 part of barium stearate as a lubricant and 0.1 part of modified bisphenol A digly- 
cidyl ether as a stabilizer together. The resulting mixture was fed to an extruder and heated and kneaded at about 
200°C. To this mixture were introduced 5.5 parts of dimethyl ether and 3.0 parts of propane under pressure, and sub- 
sequently the resulting mixture was fed to a kneading and cooling machine and cooled so that the resin temperature 
became to be about 1 10 to 1 1 5°C. The mixture was extruded and foamed through a sJrt die and a forming die having a 

45 flowing surface coated with a fluororesin to provide a board-like styrene resin foam having a thickness of 100 mm and 
a width of 910 mm. The measurements are shown in Table 1 . 

EXAMPLES B2andB3 

so [0107] Foam boards were prepared in the same manner as Example B1 except for changing the total amount of the 
blowing agents introduced under pressure to 9.0 parts (Example B2) and to 7.0 parts (Example B3) while setting the 
mixing weight ratio of dimethyl ether and propane to the same value (65 / 35) as Example B1 . The measurements are 
shown together in Table B1 . 

55 EXAMPLES B4 and B5 

[0108] Foam boards were prepared in the same manner as Example B1 except for changing the mixing weight ratio 
of dimethyl ether and propane to 78 / 22 (Example B4) and to 59 / 41 (Example B5) while setting the total amount of the 
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blowing agents introduced under pressure to the same value (8.5 parts) as Example B1 . The measurements are shown 
together in Table B1. 

EXAMPLES B6 and B7 

5 

[0109] By changing the thickness of the extruded foam by changing the forming die, a foam having a thickness of 
50 mm (Example B6) and a foam having a thickness of 20 mm (Example B7) were obtained. Other conditions were the 
same as those in Example B1 . The measurements are shown together in Table B1 . 

10 EXAMPLES B8 to B10 

[01 1 0] By changing the blowing agent to 5.5 parts of dimethyl ether and 3.5 parts of butane, and changing the thick- 
ness of extruded foams by changing the forming die, a foam having a thickness of 100 mm (Example B8), a foam having 
a thickness of 45 mm (Example B9), and a foam having a thickness of 20mm (Example B10) were provided. Other con- 

15 ditions were the same as those in Example B1 . The measurements are shown together in Table B1 . 

[011 1] All of the foams obtained in Examples B1 to B10 had the specified cell anisotropic ratio, average cell size in 
the thickness direction and foam density in the range of 26 to 35 kg/m 3 . The thermal conductivity of these foams satis- 
fied the thermal insulation characteristic of Class B2 provided in JIS A 9511, namely, not more than 0,029 
kcal/m • hr • °C. Further, the foams were excellent in foam compressive strength and in foam flammability, and also in 

20 environmental compatibility. 

[0112] Furthermore, the measurement of the thermal conductivity of the foam obtained in Example B1 six months 
after its production revealed that the foam had a thermal conductivity of 0.029 kcal/m • hr • °C. 

EXAMPLE B11 

25 

[0113] A foam plate was prepared in the same manner as Example B1 except for changing the mixing weight ratio 
of dimethyl ether and propane to 53 / 47 while setting the total amount of the blowing agents introduced to the same 
value (8.5 parts) as Example B1 . The measurements are shown together in Table B1 . The foam obtained had the spec- 
ified cell anisotropic ratio, average cell size in the thickness direction and foam density, and a thermal conductivity of 
30 0.029 kcal/m • hr • °C which satisfied the thermal insulation property of Class B2 provided in JIS A 951 1 . It, however, 
did not meet the provision of foam flammability at the time of seven days after the production of the foam. Additionally, 
an unstable phenomenon in the extrusion system such as pressure fluctuation was observed. 

EXAMPLE B12 

35 

[0114] A foam having a thickness of 50 mm was obtained in the same manner as in Example B1 except for chang- 
ing the amount of talc to 2.0 parts. The measurements are shown in Table B2. The foam had a cell anisotropic ratio of 
1 .36, an average cell size in the thickness direction of 0.23 mm and a foam thermal conductivity of 0.030 kcal/m • hr • °C 
which satisfied the thermal insulation property of Class B1 provided in JIS A 951 1 but did not satisfy the thermal insu- 
40 lation property of Class B2. 

EXAMPLE B13 

[01 15] A foam board was prepared in the same manner as Example B1 except for changing the total amount of the 
45 blowing agents introduced under pressure to 10.0 parts while setting the mixing weight ratio of dimethyl ether and pro- 
pane to the same value (65 / 35) as Example B1 . The measurements are shown together in Table B2. The foam board 
obtained had a foam density of 24 kg/m 3 , a cell anisotropic ratio of 1 .12, an average cell size in the thickness direction 
of 0.39 mm, and a foam thermal conductivity of 0.031 kcai/m • hr • °C which satisfied the thermal insulation property of 
Class B1 provided in JiS A 951 1 but did not satisfy the thermal insulation property of Class B2. In addition, an unstable 
so phenomenon in the extrusion system such as pressure fluctuation was observed. 

EXAMPLE B14 

[0116] By changing the thickness of the extruded foam by changing the forming die, a foam having a thickness of 
55 20 mm was obtained. Other conditions were the same as those in Example B1 . The measurements are shown together 
in Table B2. The foam obtained had a foam density of 28 kg/m 3 , a cell anisotropic ratio of 0.78, an average cell size in 
the thickness direction of 0.33 mm. Although it had a thermal conductivity of 0.027 kcal/m • hr • °C which satisfied the 
thermal insulation property of Class B2 provided in JIS A 951 1 , it had a foam compressive strength of 1 .9 kg/cm 2 . 
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EXAMPLE B15 

[01 1 7] A foam board was prepared in the same manner as Example B8 except for changing the total amount of the 
blowing agents introduced under pressure to 11.0 parts while setting the mixing weight ratio of dimethyl ether and 
5 butane to the same value (61 / 39) as Example B8. The measurements are shown together in Table B2. The foam board 
obtained had a foam density of 23 kg/m 3 , a cell anisotropic ratio of 1 .07 and an avenge cell size in the thickness direc- 
tion of 0.44 mm, and a foam thermal conductivity of 0.032 kcal/m • hr • °C which satisfied the thermal insulation property 
of Class B1 provided in JIS A 951 1 but did not satisfy the thermal insulation property of Class B2. In addition, an unsta- 
ble phenomenon in the extrusion system such as pressure fluctuaion was observed. 

10 

EXAMPLE B16 

[01 1 8] A foam having a thickness of 45 mm was obtained by introducing 5.5 parts of dimethyl ether and 3.5 parts 
of butane under pressure, and setting the amount of talc to 2.0 parts. The other conditions were the same as in Example 
15 B8. The measurements are shown in Table B2. The foam obtained had a cell anisotropic ratio of 1 .36, an average cell 
size in the thickness direction of 0.23 mm and a foam thermal conductivity of 0.030 kcal/m • hr • °C which satisfied the 
thermal insulation property of Class B1 provided in JIS A 9511 but did not satisfy the thermal insulation property of 
Class B2. 

20 EXAMPLE B1 7 

[01 1 9] A foam having a thickness of 20 mm was obtained by introducing 5.5 parts of dimethyl ether and 3.5 parts 
of butane under pressure, and setting the amount of talc to 2.0 parts. The other conditions were the same as in Example 
B8. The measurements are shown in Table B2. The foam obtained had a cell anisotropic ratio of 0.79 and an average 
25 cell size in the thickness direction of 0.39 mm, and a foam thermal conductivity of 0.027 kcal/m • hr • °C which satisfied 
the thermal insulation property of Class B2 provided in J IS A 951 1 . It, however, had a foam compressive strength of 1 .9 
kg/cm 2 . 

COMPARATIVE EXAMPLES B1 and B2 

30 

[0120] A foam having a thickness of 75 mm (Comparative Example B1) and a foam having a thickness of 40 mm 
(Comparative Example B2) were obtained by using 6.0 parts of methyl chloride and 3.0 parts of propane and setting 
the amount of talc to 1 .0 part. The other conditions were the same as in Example B1 . The foam obtained in Comparative 
Example B1 had a cell anisotropic ratio of 1.42 and an average cell size in the thickness direction of 0.43 mm and a 
35 thermal conductivity of 0.031 kcal/m • hr • °C. The foam obtained in Comparative Example B2 had a cell anisotropic ratio 
of 1.25 and an average cell size in the thickness direction of 0.39 mm, and a thermal conductivity of 0.030 
kca!/m • hr • °C. Both of the foams did not satisfy the thermal insulation property of Class B2 provided in JIS A 951 1 . 
Additionally, methyl chloride is included in the existing chemical substances which exhibit mutagenicity. 

40 
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EXAMPLES C1 and C2 

[0121] To 100 parts of a polystyrene resin (manufactured by Asahi Chemical Industry Co., Ltd., commercial name: 
Styron G9401 , melt index (Ml) : 2.0 ) were added 0.1 part of talc as a nucleating agent and 3.0 parts of hexabromocy- 
5 clododecane as a flame retarder. To this mixture was introduced a blowing agent having the composition shown in Table 
C1 under pressure in the amount shown in Table C1 while the mixture was heated to about 200°C and kneaded in an 
extruder. After this, the resulting mixture was fed to a kneading and cooling machine and cooled to about 1 15°C. Sub- 
sequently, the mixture was extruded and foamed through a 2 mm-gapped slit and a forming die having a clearance of 
35 mm in the thickness direction mm whose flowing surface was coated with a fluororesin to provide a board-like sty- 
lo rene resin foam. As physical properties of the foams obtained, a foam density, a foam thermal conductivity (determined 
after 7 days elapsed), an average cell size, dimensional stability and environmental compatibility were tested. The 
results are shown in Table C1. 

COMPARATIVE EXAMPLES C1 and C2 

15 

[0122] Foams were prepared in the same manner as in Examples C1 and C2 except for changing the kind and 
amount of the blowing agent The results are shown in Table C1 . 



TABLE C1 



Composition and evaluation 


Example 


Com. Ex. 




C1 


C2 


C1 


C2 


Total amount of blowing agents introduced under pressure (parts) 


8.5 


9.4 


9.0 


9.9 


Amount of each blowing agent introduced under pressure (parts/% 










by weight) 










Dimethyl ether 


5.5/65 


5.5/59 






Methyl chloride 






6.0/67 


6.0/61 


Propane 


3.0/35 




3.0/33 




Butane 




3.9/41 




3.9/39 


Nucleating agent (talc) (parts) 


0.1 


0.1 


0.1 


0.1 


Foam density (kg/m 3 ) 


23 


31 


23 


31 


Product thickness (mm) 


35 


35 


35 


35 


Average cell size (mm) 


0.4 


| 0.4 


0.7 


0.6 


Thermal conductivity (after 7 days) (kcal/m • hr • °C) 


0.028 


0.025 


0.031 


0.027 


Dimensional stability 


O 


O 


X 


X 


Environmental compatibility 


0 


0 


X 


X 



45 [01 23] The results shown in Table C1 reveal that both of the foams obtained in Examples C1 and C2 have adequate 
foam densities and have excellent foam thermal conductivity and good dimensional stability, and also excellent environ- 
mental compatibility. 

[0124] The following Examples C3 and C4 are examples relating to the production of foams having a cell structure 
composed of larger cells and smaller cells, Comparative Examples C3 and C4 are comparative examples thereof. 

50 

EXAMPLES C3 and C4 

[0125] To 100 parts of a polystyrene resin (manufactured by Asahi Chemical Industry Co., Ltd., commercial name: 
Styron G9401 , melt index (Ml) : 2.0 ) were added 0.1 part of talc as a nucleating agent, 0.25 part of a water-absorbing 
55 polymer, 0.1 part of anhydrous silica and 3.0 parts of hexabromocyclododecane as a flame retarder. To this mixture 
were introduced a blowing agent having the composition shown in Table C2 and water under pressure in amounts 
shown in Table C2 while the mixture was heated to about 200°C and kneaded in an extruder. After this, the resulting 
mixture was fed to a kneading and cooling machine and cooled to about 115°C. Subsequently, the mixture was 
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extruded and foamed through a 2 mm-gapped slit and a forming die having clearance of 35 mm in the thickness direc- 
tion whose flowing surface was coated with a f luororesin to provide a board-like styrene resin foam. As physical prop- 
erties of the foams obtained, a foam density, a foam thermal conductivity (determined after 7 days elapsed), a cell 
structure (an smaller cell occupying area ratio), dimensional stability and environmental compatibility were tested. The 
5 results are shown in Table C2. 

[0126] In the foams obtained in Examples C3 and C4, when the occupying area ratio of cells having a cell size of 
not more than 0.25 mm in the section area of a foam was measured, it became clear that the foams were composed 
mainly of cells having a cell size of not more than 0.25 mm and cells having a cell size of 0.3 to 1 mm. 

10 COMPARATIVE EXAMPLES C3 and C4 

[0127] Foams were prepared in the same manner as in Examples C3 and C4 except for changing the kind and 
amount of the blowing agent. The results are shown in Table C1 . 



15 

TABLE C2 





Composition and evaluation 


Example 


Com. Ex. 






C3 


C4 


C3 


C4 


20 


Total amount of blowing agents introduced under pressure (parts) 


8.5 


9.4 


9.0 


9.9 




Amount of each blowing agent introduced under pressure (parts/% 
by weight) 












Dimethyl ether 


5.5/65 


5.5/59 






25 


Methyl chloride 

Propane 

Butane 


3.0/35 


3.9/41 


6.0/67 
3.0/33 


6.0/61 
3.9/39 


30 


Amount of water introduced under pressure (parts) 


0.5 


0.5 


0.5 


0.5 




Nucleating agent (talc) (parts) 


0.1 


0.1 


0.1 


0.1 




Foam density (kg/m 3 ) 


31 


30 


31 


30 




Product thickness (mm) 


35 


35 


35 


35 


35 


Smaller cell occupying area ratio (%) 


30 


40 


20 


20 




Thermal conductivity (after 7 days) (kcal/m • hr • °C) 


0.025 


0.024 


0.027 


0.026 




Dimensional stability 


O 


O 


X 


X 


40 


Corrosion resistance 


O 


O 


X 


X 




Environmental compatibility 


O 


O 


X 


X 



[01 28] The results shown in Table C2 reveal that both of the foams obtained in Examples C3 and C4 have adequate 
45 foam densities and have cell structures wherein ratios of the area occupied by cells having a cell size of not more than 
0.25 mm in the section area of a foam are not less than 30 %. It is also clear that the foams are excellent in foam thermal 
conductivity and dimensional stability and also excellent in corrosion resistance and environmental compatibility. 

EXAMPLE C5 

50 

[0129] The measurement of average cell size in each direction and a cell anisotropic ratio of the foam obtained in 
the same manner as Example C3 revealed that the foam had an average cell size in the thickness direction (a) of 0.28 
mm, an average cell size in the transverse direction (b) of 0.27 mm, an average cell size in the longitudinal direction (c) 
of 0.28 mm, and a cell anisotropic ratio of 1 .01 . The foams satisfied the specified cell anisotropic ratio and average cell 
55 size in the thickness direction. 

[0130] According to the present invention, foams having excellent environmental compatibility, thermal insulation 
property and dimensional stability can be obtained because of the use of a combination of the specific non-halogen 
blowing agents. Particularly, lightweight foams having an excellent thermal insulation property, that is, a foam thermal 
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conductivity of not more than 0.029 kcal/m • hr • °C and excellent mechanical properties can be obtained by providing a 
more desirable cell structure such as a specified shape of cells or the presence of larger and smaller cells. Additionally, 
in the case of adding water in order to obtain a desirable cell structure in which larger and smaller cells coexist, since 
no chlorine-containing compounds are used as a blowing agent, hydrochloric acid does not generate from a reaction of 
5 water and a blowing agent. This makes the solution of the corrosion problem of apparatus possible, whereby foams can 
be produced stably. 

Claims 

10 1 . An extruded styrene resin foam obtainable by extruding and foaming a styrene resin using a blowing agent, wherein 
the blowing agent comprises mainly 40 % by weight or more and 85 % by weight or less, based on the whole 
amount of the blowing agent, of at least one ether selected from the group consisting of dimethyl ether, methyl ethyl 
ether and diethyl ether, and 15 % by weight or more and 60 % by weight or less, based on the whole amount of the 
blowing agent, of at least one saturated hydrocarbon selected from the group consisting of saturated hydrocarbons 

is having 3 to 5 carbon atoms. 

2. The extruded styrene resin foam according to Claim 1, wherein a weight ratio of the ether to the whole blowing 
agent is 50 % by weight or more and 85 % by weight or less and a weight ratio of the saturated hydrocarbon to the 
whole blowing agent is 15 % by weight or more and 50 % by weight or less. 

20 

3. The extruded styrene resin foam according to Claim 1, wherein a weight ratio of the ether to the whole blowing 
agent is 50 % by weight or more and less than 70 % by weight and a weight ratio of the saturated hydrocarbon to 
the whole blowing agent is more than 30 % by weight and 50 % by weight or less. 

25 4. The extruded styrene resin foam according to any one of Claims 1 to 3, which has a cell anisotropic ratio k, which 
is defined by the formula: 

k = a/(axbxc) 1/3 

30 wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfying the equa- 
tion: 

0.80 £k£ 1.3 

35 

and an average cell size, a, in the thickness direction satisfying the relationship: 

0.24 <; as -1.1 xk+1.62. 

40 5. An extruded styrene resin foam, which has a cell anisotropic ratio k, which is defined by the formula: 

k = a/(axbxc) 1/3 

wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
45 size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfying the equa- 
tion: 

0.80 <;k* 1.3 

so and an average cell size, a, in the thickness direction satisfying the relationship: 

0.24 £a* -1.1 xk+1.62. 

6. The extruded styrene resin foam according to Claim 4 or 5, which has a density of 26 to 35 kg/m 3 . 

55 

7. The extruded styrene resin foam according to any one of Claims 1 to 6, wherein the cells constituting the foam com- 
prise mainly smaller cells having a cell size of 0.25 mm or less and larger cells having a cell size of 0.3 to 1 mm, 
and the area of the smaller cells having a cell size of 0.25 mm or less accounts for 10 to 90 % of a sectional area 
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of the foam. 

8. The extruded styrene resin foam according to any one of Claims 1 to 5 and 7, which has a density of 15 to 40 kg/m 3 . 

5 9. The extruded styrene resin foam according to any one of Claims 1 to 8, which has a thermal conductivity of not 
more than 0.029 kcal/m • hr • °C. 

10. A method for producing an extruded styrene resin foam, comprising heat-melting and Kneading a styrene resin, 
introducing a blowing agent into the styrene resin under pressure and conducting extrusion foaming, wherein the 

10 blowing agent comprises mainly 40 % by weight or more and 85 % by weight or less, based on the whole amount 
of the blowing agent, of at least one ether selected from the group consisting of dimethyl ether, methyl ethyl ether 
and diethyl ether, and 1 5 % by weight or more and 60 % by weight or less, based on the whole amount of the blow- 
ing agent, of at least one saturated hydrocarbon selected from the group consisting of saturated hydrocarbons hav- 
ing 3 to 5 carbon atoms. 

15 

1 1 . The method for producing an extruded styrene resin foam according to Claim 1 0, wherein a weight ratio of the ether 
to the whole blowing agent is 50 % by weight or more and 85 % by weight or less and a weight ratio of the saturated 
hydrocarbon to the whole blowing agent is 15 % by weight or more and 50 % by weight or less. 

20 12. The method for producing an extruded styrene resin foam according to Claim 1 0, wherein a weight ratio of the ether 
to the whole blowing agent is 50 % by weight or more and less than 70 % by weight and a weight ratio of the satu- 
rated hydrocarbon to the whole blowing agent is more than 30 % by weight and 50 % by weight or less. 

13. The method for producing an extruded styrene resin foam according to any one of Claims 10 to 12, wherein the 
25 extruded styrene resin foam has a cell anisotropic ratio k, which is defined by the formula: 

k = a/(axbxc) 1/3 

wherein, in sections of the foam, a (mm) is an average cell size in the thickness direction, b (mm) is an average cell 
30 size in the transverse direction and c (mm) is an average cell size in the longitudinal direction, satisfying the equa- 
tion: 

0.80 SkiS 1.3 

35 and an average cell size, a, in the thickness direction satisfying the relationship: 

0.24^a^-1.1 xk+ 1.62. 

14. The method for producing an extruded styrene resin foam according to Claim 13, wherein the foam has a density 
40 of 26 to 35 kg/m 3 . 

15. The method for producing an extruded styrene resin foam according to any one of Claims 10 to 14, wherein the 
cells constituting the foam comprise mainly smaller cells having a cell size of 0.25 mm or less and larger cells hav- 
ing a cell size of 0.3 to 1 mm, and the the area of smaller cells having a cell size of 0.25 mm or less accounts for 

45 1 0 to 90 % of a sectional area of the foam. 

16. The method for producing an extruded styrene resin foam according to any one of Claims 10 to 13 and 15. wherein 
the foam has a density of 1 5 to 40 kg/m 3 . 

so 17. The method for producing an extruded styrene resin foam according to any one of Claims 10 to 16, wherein the 
foam has a thermal conductivity of not more than 0.029 kcal/m • hr • °C. 

18. The method for producing an extruded styrene resin foam according to Claim 1 5, wherein 0.05 to 2 parts by weight 
of at least one water-absorbing material selected from the group consisting of a water-absorbing high molecular 
55 compound, inorganic powder having many hydroxy! groups on its surface and silicate powder, and 0.2 to 1 .5 parts 
by weight of water are made to exist in 1 00 parts by weight of the styrene resin when performing the extrusion foam- 
ing. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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